INTRODUCTION
The concrete dimensions of sustainable technology management and development represent the basis for sustainable development of the economy and society. Technology management deals with the crucial decisions concerning: a) the output to be offered in terms of products and/or services, b) inputs and resources necessary to be engaged in manufacturing products and delivering services, c) location of the facilities, and d) developing processes and operations in support of business goals. Crucial responsibility and starting point for sustainable development lies within technology management, with emphasis on the importance of actions and guidance provided in the external environment -legal, economic, political, social and technological, in achieving sustainability goals. Managing technological dynamics lies at the core of sustainable competitiveness of business operations.
The United Nations Division for Political Coordination and Sustainable Development (DPCSD) in its approach to sustainability, observes society as a dynamic system, attributively characterized and determined by four dimensions: sociological, economic, institutional and ecological. The focus of such an approach is to reflect economic, sociological and institutional dimensions of sustainability at equal plane with ecological problems. It enables the determination of relationships -possible synergies and crucial conflicts between different aspects of sustainable society.
Economies and societies in transition focus on a set of specific aspects of sustainability critical to their efficient and effective transformation. The complexity of the transitional processes is defined by radical changes occurring in the domain of privatization, intensive technological change, restructuring, business strategy and competitiveness, developing markets and infrastructure with the overall concern for the well being of all the actors, environmental issues, satisfaction of all stakeholdersemployees, customers, society, etc. Creating the sustainable and feasible development strategy takes into account the diversified needs and goals and strongly relies on the effort to evaluate the internal strengths and resources from the perspective of their competitive capacity. Traditionally, valuable, rare, non-substitutable and non-imitable resources represent key factors that create and maintain an advantageous position with respect to competitors. (Barney, 2004) The sustainable development perspective adds the sustainability as the fifth significant resource attribute.
The success of reforms in countries in transition greatly depends on the quality of management, its structure, definition of organizational roles and processes and tasks assigned to social actors at different levels (Spangenberg, 1998) .
The core objectives of sustainable society, as defined so far in the political and scientific discourse, include greater social cohesion, more and better jobs (social dimension), economic competitiveness and stability (economic dimension), declining resource use and economic development, safeguarding biodiversity and ecosystem health (environmental dimension); and an open, participatory approach based on equality and nondiscrimination, justice and solidarity (institutional dimension). These specifics are, to a large extent, already a part of the sustainable society models. Building and maintaining such a system requires that policies and strategies are developed based upon these principles and resulting in a mixed economic system justified by "value mix": based on a market economy with its inherent drive towards efficient and productive resource allocation, but correcting the distributional (social), environmental and institutional blindness of the market by means of public policies. How the state, the market and the civil society interact, is crucial for every model, be it positive or negative (Spangenberg, 2002) .
SUSTAINABLE TECHNOLOGY MANAGEMENT AND DEVELOPMENT PRINCIPLES
Sustainable competitiveness means the achievement of a set of different goals -economic and non-economic, meaning that it is a concept based on quantitative and qualitative performance indicators, namely, the integration of traditional performance goals measured by traditional economic indicators (for example, profitability, GDP) and a set of new non-economic performance criteria that emphasize the satisfaction of needs of the customers, employees and all other stakeholders. The Todorovic et al. 11387 performance balanced scorecard approach is based on the efforts to build sustainable competitiveness taking into account multiple factors (Meyer, 2002) . This new approach points to a set of new performance indicators and goals found in qualitative attributes such as culture, fulfillment, safety, health, natural resources preserving and development, mutual understanding, creativity, enhancing mutual trust, etc.Based on complexity, dependency and contingency theories, much effort is made to identify and select priorities by relevance criteria attributed to factors influencing the concrete technological strategies (Sanchez, 1996) . The ultimate results of these efforts are: strengths better appreciated and further developed, while the weaknesses reduced and eliminated. At the same time, the orientation is at building capacities to grab opportunities and diminish threats in the environment. Sustainable management is a concept of strategic management oriented at the achievement of sustainable competitiveness. Sustainable competitiveness is based on appreciation of strategic goals emphasizing competitive co-evolution, networking and partnering be (Narayanan V, 2001) , long-term perspective, synergies, satisfaction, and high quality of life standards. The emphasis on sustainable technology management is related to the role of technology and its position at the core of all the business operations, and with focus on primary operations delivering value in the form of products and services to the customers, but also in satisfying the goals of the society, economy, local community, while simultaneously developing profitable business results. Table 1 shows the results of the effort to relate the proclaimed principles of sustainable development of society and sustainable technology management. (Rainey, 2006) . The underlying principles of sustainable development basically integrate economic, social, industrial and environmental issues in decision and policy making, at all levels of the society. The identification of sustainability indicators means that actual criteria are defined and imposed by sustainable development in the four aforementioned societal dimensions which are setting the limits to the existing, traditional approach to technological management and development. Aims defined by sustainable development, even though setting the boundaries and limiting existing technological development practices, at the same time are adding new perspectives and insights in directing it towards search for new technological solutions and innovations based on new principles, for example, imitating natural cycles of material exchange, eco-substitution, dematerialization, recycling and over-all rationalization.
Sustainability indicators
The concept of sustainable development, as presented in the documents and results achieved at the sumit in Rio De Janeiro in 1992, has been accepted as worldwide 
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Technological forecasting as the base for short-term/long-term plans and technological strategies development strategy. It reaffirms the human legacy on healthy and productive life in accordance with nature and the integral approach giving equal importance to economic and social dimensions of development and environmental protection, as the basis of the environmental protection and all other policies at local, regional and global levels. Agenda 21, which had been adopted at that time as a strategic document, in the section related to the realization of sustainability objectives, recommends the development of specific indicators of sustainability, which would make the concept of sustainable development operational. Their main purpose is to guide, direct and manage the process of decision-making (United Nations Agenda 21, 1992). This integration implies the involvement of virtually all traditional sectors of economic and governmental engagement and activities, such as: economic planning, agriculture, health, energy, water, natural resources, industry, education and the environment, involving the principal ministries of the governments. The assumption of integration is reflected in the dimensions of sustainable development, which contain social, economic, environmental and institutional indicators, and should be included in mechanisms for institutional integration (Figure 1 ). The developed set of indicators provides support to decisionmakers for redirecting governmental actions towards sustainability. The indicators need to be understandable and also to integrate different dimensions of sustainability and technological challenge. Above all, they need to be, to the highest extent, derived from existing data, in order to provide easy data manipulation, fast and effective calculations.
The clearly determined set of indicators is the base for long-term monitoring of progress towards sustainable development at different levels -national, regional, etc. The creation of the set of indicators is under the strong influence of cultural characteristics of the region and the level of its industrial and technological development. In the process of applying the principals of sustainable development, each indicator can be updated or even replaced according to the changes of the infrastructure.
Interpretations of indicators are different, and it is perhaps more useful to identify the uses and desirable properties of indicators. The major functions of indicators, as emphasized by Tunstall (1992) and Gallopin (1997) , are as follows: i. to assess conditions and changes; ii. to compare across space and situations; iii. to assess conditions and trends in relation to goals and targets; iv. to provide early warning information, and v. to anticipate future conditions and trends.
The set of indicators, organized individually or in groups, aims at becoming a vital guidance in the process of collecting data. They are an important instrument for decision-makers, as they summarize crucial information from different sectors/sources. Also, they recommend logical grouping of information, by promoting their logical interpretation and integrations. In the process of collecting information, they help in discovering the needs for different type of data. In such manner, it is much easier to facilitate the reporting process, by structuring collected information in all aspects of sustainable development.
In order to define the set of indicators for the assessment of societal and technological development, relevant sectors or elements of the societal system are identified. They include the relevant elements that constitute society as well as the subsystems on which human society depends. Useful distinction of elements is presented thus i. Individual development (civil liberties and human rights, equality, individual autonomy and self-determination, health, the right to work, social integration and participation, gender and class-specific role, material standard of living, qualification, specialization, adult education, family and life planning horizon, leisure and recreation, art, etc.); ii. Society (population development, ethnic composition, income distribution and class structure, social groups and organizations, social security, medical care, old age provisions); iii. Government (government and administration, public finances and taxes, political participation and democracy, conflict resolution (national, international), human rights policy, population and immigration policy, legal system, crime control, international assistance policy, technology (Bossel, 1999) . policy); Infrastructure (settlements and cities, transporttation and distribution, supply system (energy, water, food, goods, services), waste disposal, health services, communication and media, facilities for education and training, science, research and development); iv. Economy (production and consumption, money, commerce and trade, labor and employment, income, market, interregional trade); v. Resources and environment (natural environment, atmosphere and hydrosphere, natural resources, ecosystem, species, depletion of nonrenewable resources, regeneration of renewable resources, waste absorption, material recycling, pollution, degradation, carrying capacity (Bossel, 1999) .
In order that the total system -the human system embedded in the natural system -is viable, each of these essential elements must be viable as well, that is, the viability of the total system depends on the proper functioning of the subsystems.
Although other classifications are possible, the presented identification of subsystems is not arbitrary. These subsystems are all essential parts of the "anthropologic sphere". The major relationships between the six elements are shown in Figure 2 . Decomposing the system enables better insight into the relationships present in the system. Each constituent part can be observed from the aspect of its importance and potential contribution to the sustainability of the whole system (Bossel, 1999) .
The number of indicators rises with the number of the identified subsystems that are included. To keep the number of the indicators at a reasonable level and by taking into consideration the basic organization of the society, the mentioned six elements are organized into three subsystems: natural subsystem, support subsystem and human subsystem. The establishment and development of each of the mentioned subsystems is specifically reflected through technological development and initial resource usage. That is the reason why it is necessary, when the representative indicators are identified, to develop a conceptual understanding of the whole system. Complete and total understanding of the whole system is in the sphere of hypothetical and practically impossible; but one can search for missing information that will give the answers concerning essential processes and relationships between the components of the subsystems, and the subsystems themselves. In order that each subsystem is adequately represented and that all the aspects of its contribution to the sustainability of the societal system are covered, there is a need for a specific number of indicators to be developed.
Nevertheless, in the effort to identify specific, sector indicators, the components and subsystems that are the most important in that domain are to be determined in the first place (Bossel, 1999) . Determining indicators based on the relations represented by the model (Figure 2 ) means that they are adapted to provide crucial guidance for decision-making in a variety of ways: they can translate knowledge in the natural, technical and social sciences domain into manageable units of information that can facilitate the decision-making process; they can help to measure and calibrate progress towards sustainable development goals; they can provide an early warning, sounding the alarm in time to prevent economic, social and environmental damage and limit the existing management of technological development; they are also important tools to communicate ideas, thoughts and values, as "we measure what we value, and value what we measure" (Shah, 2004) .
Identification of sustainability indicators
Following the recommendations of the UN Agenda 21, the three subsystems are further developed and themes and sub-themes are derived. Later, in the stage of further distinction, the identification of indicators follows, as shown in Table 2 . As presented, these indicators can provide actual guidance in forming the national list of indicators of sustainable development and cover issues generally common to all regions and countries of the world (United Nations Department of Economic and Social Affairs UNDES, 1999).
In the case of examining the management of some natural resource, the determined classification provides the base for the basic set of indicators to be identified, that will cover all crucial aspects (themes and subthemes). These crucial areas will contain information about driving forces and mechanisms that lead to increased exploitation of natural resources. It should be emphasized at this point that the defining of sustainability indicators for some sectors has been limited by the amount of available data, where Statistical Yearbooks, World Bank Reports, Chamber of Commerce documents and World Health Organization surveys have been the main data sources. The proposed set of indicators directly point to the critical dimensions of the social system that have to be addressed and taken into consideration, while creating an instrument for the support of technology management and development in view of preserving natural resources.
Implementation of the objectives matrix model in measuring sustainability of technological development In order to estimate the level of development, especially model (OMM) is developed. Originally, the matrix approach was developed with the aim of reviewing productivity of technology and its effectiveness and efficiency impacts on the prosperity of the company (Riggs, 1984) . The characteristics of the original objectives matrix have been adapted to the needs of sustainable technology management objectives, and the new model built in this respect (OMM), has been developed and tested empirically in Serbia in the domain of air quality management. The factors that form the OMM are actually existing sustainability indicators that have already Table 2 have not been taken into consideration because they do not carry adequate information concerning air quality management (for example, housing, security, population, land, water, oceans, coasts and seas).Every indicator has been given weight coefficient in the matrix and the weights represent their estimated importance. In the presented case, since there are a large number of indicators, weighting coefficients are in the range from 2 to 6 (Table 3 ). The amount of the summed weighting coefficients has to be 100. Criteria for assigning certain weights to indicators are determined by the relevance of information that indicators provide, concerning in this case, the air quality management. In that sense, the highest importance has been given to the indicators that directly describe the state of air quality (like maximum emissions of SO 2 and NO x ) and their connections with technological, economical, political and scientific aspects.
Indicators with weight coefficient 6
The greatest importance (weight coefficient 6) have indicators that directly describe the air quality, so, there is no need for giving their detailed description. These are: maximum emissions of SO 2 , maximum emissions of NO x , emissions of kg CO 2 on annual level, per GDP and maximum soot concentration. Priority is given to these parameters also because of their global importance and direct linkage to atmospheric problems like global warming and ozone layer depletion. The rest of the indicators, that are evaluated with lower importance are linking above mentioned indicators with institutional, scientific, technological, economical and industrial aspects of the society.
Indicators with weight coefficient 5
The 6 parameters in Table 3 , according to the importance in the framework of sustainable development of technology and natural resources, the objectives matrix level, have coefficient 5. From the group of the human podsystem themes, this would be indicators that imply on the endagered populition due to lower air quality (number of cancers of respiratory organs per 100 000 population) and the readiness of the community to invest in the improvement of environment (rate of budget investments in the environmental protection). One of the ways to contribute to the decreasing of mentioned environmental problems (climate change, great number of deseas due to low air quality) is by reorienting the existing development towards sustainable-seraching for new solutions. These solutions mostly come as a result of the scientific and innovative work. The level of that potentiol in Serbia can be found in values of the indicator number of researchers per 1 000 000 population. The main matrix (Table 4) in the OMM has thus been created. Other direction through which we can influence the solving of environmental problems is the tendency of fulfilling international obligations and regulations -in this case, the implementing ratified global agreements in area of air quality management. In that way, we indirectly influence on the domestic legal framework to get in compliance with international regulatives and normatives. Indicator: number of implemented ratified global agreements gives that information and shows the capability of state capacities to follow the international requirements. In Serbia, energy sector is the one that, with its emisions in great deal, contributes to poor air quality and the part of support subsystem that greatly impacts the natural subsystem. Monitoring the intensity of energy usage (koe per GDP) is a direct indicator of energy (un)efficiency and has weight coefficient 5. If we look in more detail (Table 5) at the grades and concrete values of indicators, few critical areas are exposed, that are mostly to blame for the decreasing of the air quality in Serbia. How one of the principles of sustainable development lowers the usage of the fossil fuels and how it takes into account alternative resources of energy, is an indicator of the amount of produced energy from renewable resources (u%) shown by Serbia concerning this matter and it holds a weight coefficient of 5.
Indicators with weight coefficinet 4
Next group of seven indicators carries weight coefficient 4. These indicators give information that are not so closely related to the air quality, but correspond to health, environmental protection, and economical state that influence that natural subsystem. Adopting standards and regulatives, but at microlevel where a starting point can be a technological unit or a company is an actual basis of management system transformations at macrolevel. Monitoring the number of companies with adopted 14001 standards can show the rate of the developed conditions for sustainable development. Since greater number of companies adopts this management model, the society is closer to sustainable development goals. Economical parameters, like import as %GDP, export as %GDP and GDP (const. $ 2000) , directly describe the industrial position and states the economical status. In addition to this indicator, we can also derive the indicator inflation rate that gives a picture of the states' macroeconomical stability.
Tightly linked parameter from the human subsystem with economical parameters is unemployment rate since it indicates the level of poverty which describes the population capabiliteis to contribute to environmental protection.
Human subsystem in its activities generates great amounts of waste, that are mostly stored and eliminated in natural subsystem. In attempts to protect it, in application are recycling processes and the usage of secondary raw materials. The amount of waste that can be recycled (%) is an important indicator of how much the society has advanced in that field with technology improvements.
Indicators with weight coefficient 3
In this category has been identified 4 parameters. As an additional indicator of technological aspects in the area of support subsystem is number of registered patents on annual level. Competitiveness and innovativeness have important role in development of clean technologies, especially the ones that will contribute to lowering of emissions and imissions. Mentioned parameter indicates general state potential in area of innovations.
In the group of support subsystem indicators, which imply on the infrastructural development are total road length in km and railway capacity, number of passengers per km. Higher level of infrastructural development influences on the more efficient and secure transport, gives the opportunities for savings, and is one of the bridges that human subsystem "communicates" with naturally.
In this group of indicators also belongs the one that indicates health care expenditures as a percentage GDPa and gives general information on the populations capabilities to provide itself adequate health care.
Indicators with weight coefficient 2
This category of indicators carry level of importance 2. Indicators in this group are evaluated like that, bacause the information they are giving is not directly relevant to atmospheric change, but rather shows general populations motivation, access to information and willingness to participate in decision making. The first indicator in this group is number of communities that have adopted local Agenda 21 and relates to application of local ecological action plans.
How good is access to information, in the era when information technology dominates, number of internet subscribers per 1000 inhabitants can reveal that. The last indicator: adult literacy rate, gives clearer picture of educational level and individual developemnt.
In the OMM, grades are given from 1 to 5 in relation to the obtained empirical values of observed indicators for a certain period. As the highest obtainable values, carrying the grade 5, used further on for defining the scale of grades, relates to the data represented for the indicators in Republic of Denmark, since this is one of the European countries that is mostly advanced in terms of sustainable development and innovations, and this data is publicly available. For data resources, the following internet databases from: World Bank, Denmark Statistics, Denmark environmental protection agency, Serbian Statistics Institute and World Health Organization, have been used.
For some indicators, such as the highest values graded 5, the maximum allowed values regulated by domestic laws were used, while for the lowest limits graded 1, the worst values that could be allowed were introduced.
The main matrix (Table 4) in the OMM has thus been created, where grade 5 refers to the level of an indicator achieved by a highly developed European country, and should represent an optimistic goal towards which Serbia needs to strive for in the future. It is determined and limited to a certain time period, which depends on the nature of indicator.
Considering numerical values, grade 3 is allocated to average real values of the indicator, which means that by multiplying with 100m (sum of weights), the overall average value calculated at a certain point of time is 300. The actual overall calculated value of the matrix based on the real, empirical data for individual indicators, should therefore be compared in order that significant conclusions be drawn. The comparisons can be made in the following manner: a) Comparing the real obtained overall value with the average value of 300 shows that all the values above are to be considered acceptable and in the range of positive results, while all the values below the average should be considered alarming and should call for high priority actions; b) Comparisons should be made by periodically testing the model with real values at different points in time for monitoring progress in the domain of sustainability; c) Comparisons are to be made with benchmark countries, as in the case presented, where Denmark has set the benchmark for the 500 grade value which is translated in real value for certain indicators that are compared and the ones who are most below the aimed value are considered as critical.
The overall value of the matrix, in the case of Serbia, has been calculated and amounts to 161. It represents 53.7% below of the average value of 300. The results by using the OMM show the overall evaluated status of Serbia in the field of sustainable technological development from the point of view of air quality management. If we look in more detail (Table 5) at the grades and concrete values of indicators, few critical areas are exposed, that are mostly to blame for the decreasing of the air quality in Serbia.
The grades are very low with average display from 1 to 2. From a total of 24 indicators:
i. 12 indicators hold grade 1; ii. 9 indicators hold grade 2; iii. 2 indicatros hold grade 3; and iv. 1 indicator hold grade 4.
When we look at the current structure of the indicators according to their grades, it follows that practical reforms are needed in great number in social and technological aspects. However, the most critical points that have been distinguished are in relation to increased poverty, lack of clear direction of the strategy of scientific and technological development, poor institutional organization and weak economic structure. In the frame of technological aspects are highlighted problems of poor energy efficiency, which is associated with bad policies that are implemented in the companies, and insufficient investments in the infrastructure improvements.
The over-limitations of allowed values of emissions are found to be the critical points. The problems of bad and low energy efficiency have been detected as the critical factors of the low result in air quality management features in Serbia. This result is connected to the problems of establishing optimal investment policies and problems in the sphere of scientific and technological development strategies. The data used for developing the OMM are for the period from 2001 to 2003.
It should be emphasized that the selection of derived indicators in this paper has been limited partly with the availability of required data. Presentation and analysis of indicators for air quality management in this way had the purpose to show how through the knowledge of the relevant parameters we can adequately manage the technology development and natural resources. Some identified indicators open other sectoral policies as wellnot only the area of air quality management. As such, they carry within the information concerning great number of industrial processes. They can be a good introduction to the establishment (of the system) of national sustainable development indicators in line with the capacities and needs of Serbia, while respecting the requirements of international comparability (standardized concepts, definitions and classifications).
By implementing the model and testing it empirically for the case of Serbia, we actually quantified and graded the sustainability of Serbia, for the mentioned period. The overall value of 161 obtained in the calculations of the matrix is far below the average value of 300 and shows Todorovic et al. 11397 that Serbia has to initialize quick responsive measures and make a high priority action plan supported by great efforts in numerous social, economic and technological domains, in order to obtain progress towards sustainability.
Conclusion
The results obtained in developing OMM for sustainable technological management and development. The empirical analysis for the case of Serbia has shown a potential significant contribution to theory and practice of managing sustainability at different levels more widely. This paper points to the potentials of the OMM and its robustness in terms of processing data related to different indicators referring to concrete situations and aims of the analysis. Practically, it has been shown that OMM is a valuable tool applicable to different countries, at the level of national economies and regions in their effort to manage sustainability. By forming a representative list of indicators, one can easily monitor processes and provide necessary measurements in order to progress in relation to sustainability. Organizing the indicators into OMM means going a step ahead in the level of processing relevant sustainability indicators for management purposes.
The analysis has been developed at two levels: first, the creation of a representative list of indicators for air quality management, and second, establishing the objectives matrix model using comparable data of a developed country against which grades are created and the concrete position of Serbia. Originally developed for analyzing the productivity of technology at company level, the OMM has shown its potentials for implementation at macro-management levels as well which point to its flexibility verified in practice by sustainability results of air quality management obtained in the analyzed case.
